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INTELLIGENCE INFORMATION FROM TOTAL OPTICAL CQLM IMAGEIY

BACKGROUND

The present publication describes an evaluation of total optical
color imagery as a source of intelligence information. The U. S. Arn•r
was invited to participate in the evaluation program. The test conducted
was An empirical assessment of Total Optical Color (TOC) imagery as a
source of raw intelligence data. This imagery consisted of aerial sur-
veillance photographs acquired over the UNDERBRUSH test range at Eglin
Air Force Base, Florida.

The test plan, prepared by the Joint Test Team composed of members
from Rome Air Development Center, USMC Development and Education Command,
and the Naval Reconnaissance and Technical Support Center, is presented
in part in the following three paragraphs:

ARPA (Advanced Research Projects Agency) has been pu quing the color
modulation system developed by Technical Operations, Inc., for a number
of years. This program has involved two major aspects: (a) modified 35imm
cameras which use standard black and white films, and (b) striped filmut
which may be used in unmodified cameras. The Technical Operations, Inc.L1 '
system provides color imagery from black and white film, thereby elimi-
nating sophisticated processing equipment, precision techniques, excessive
logistics, and high costs associated with standard color film.

Rome Air Development Center, Griffiss AFB, NY has the engineering
responsibility for the film striping portion of the TOO program which is
being funded through FY71 by ARPA. ARPA has procured and distributed to
the military services several TOC-niodified 35amm cameras and associated
viewers. However, to date, only limited evaluations of this system have
been conducted.

At a joint meeting of representatives from the Air Force, Navy, and
Flarine Corps held in January 1970, it was agreed that a joint qualitative
evaluation of the 35amm TOO system should be conducted. Such an evaluation
would be of value to all participating services in programming and plan-
ning future application of the TOC system.

PURPOSE OF THE RESEARCH

The TOC 35mm system was compared to a system providing conventional
color imagery and to a system providing monochromatic imagery. The eval-
uation included a subjective appraisal as well as an empirical assessment.
The following specific objectives were established:

1/ Reference to the commercial firm and its product is in the interest of
precise reporting and does not signify indorsement by BESRL or the Army.



1. To determine the total time required for the extraction of the
required target information from the three kinds of experimental imagery.

2. To determine the accuracy and completeness with which image

interpreters detected the required targets in the experimental imagery.

3. To determine the accuracy and completeness with which image
interpreters identified the required targets in the experimental imagery.

4. To obtain, by means of a questionnaire, preference data from the
experimental subjects regarding their relative likes and dislikes for the
competing systems.

METHOD

EXPERIMENTAL MATERIALS

Imagery. The available imagery was in the format of 2 x 2 inch
slides. The imagery 'had been acquired using two identical 35m cameras
one of which had been modified to record TOC 35r¶ expores while the
other recorded on conventional color film (Ektachrome)-. Since the
imagery acquired by the T9C-modified camera was recorded on black-and -
white film (Panatomic X).-/, three distinct modes of presenting each scene
were possible. The TOC imagery could be presented as monoehromatic
imagery or in available color as reconstituted by the TOC viewer.
Conventional color imagery was the third type.

The two identical cameras were mounted on the same camera bar and
fitted with shutter contrcl3 that could be actuated simultaneously so
that the same scene was racorded by both cameras. In this way, each scene
photographed was recorded on conventional color film and on the black-and-
white film for the TOC system.

Eighteen slides were selected from among available slides. The
slides were selected to include a variety of target types and to make
certain that in each case both the conventional color slide and the TOC
slide were of acceptable photographic quality. The 18 slides were random-
ly broken down into three sets of six slides each, designated as Set A,
Set B, and Set C. Pre-test materials consisted of other slides used to
acquaint the subject with the task. Finally, four additional slides were
selected for use in allowing the experimental subjects to manipulate the
color controls on the TOC viewer prior to filling out the questionnaire.

Questionnaire. A simple one-page questionnaire was prepared in
order to gather the subjective impressions of the experimental subjects
concerning the usefulness of being able to vary the color balance of the
display and the desirability of the binocular viewer as a viewing device.
A copy of this questionnaire appears in Appendix B.

V Reference to the commercial firm and its product is in the interest of
precise reporting and does not signify indorsement by BESRL or the Army.
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Equipment. The TOC binocular viewer is described in literature
prepared by Technical Operations, Inc. and is not described here. /
One additional piece of equipment was used--a timer to measure total
elapsed time taken for analysis of each slide. This instrument was a
three-digit counter pulsed once per second.

RESEARCH DESIGN

The 18 selected slides, assigned to three scene sets of six slides
each, were presented to three groups of subjects with four image inter-
praters in each group. The scene set/presentation color combinations used
were unique for each subject group. A Itin square design was used to
vary s~stematically the order in which the scene set/presentation color
coibinations were administered to the three groups (Figure I).

Presentation Color Mode

Ekta- Black &
chrome White

Group I Set A Set C Set B

Group II Set C Set B bet A

Group III Set B Set A Set C

Figure 1. Experimental Design for TOC Evaluation

SUBJECTS

The experimental subjects were all trained image interpreters. With
one exception, they had received their formal training at the U. S. Arew
Intelligence School, then at Fort Holabird, Maryland. They had served in
operational units prior to coming to BESRL where they were then working
in their 14S specialty.

Reference to the coumrcial firm and its product is in the interest of
precise reporting and does not signify indorsement by BESRL or the
Army.
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""VARIABlES

_1Wpendent Variables. The independent variables have been discussed
in the preceding sections dealing with imagery characteristics and experi-
mental design. Color mode under which the scenes were viewed was of pri-
mary interest. Three categories of this nominal variable were used:
Ektachrome color, black and white, and Total Optical Color (TOC). 1W Three
sets of six scenes each and three groups of subjects were used to make it
possible to present the experimental task to the subjects in counterbal-
anced arrangement.

Dependent Variables. The measures used to assess interpreter per-
"formence can be explained most readily by describing the raw scores ob-
tained from each interpreter's responses and then presenting the formulae
used to compute the derived indexes. Interpreter responses were scored
to determine the following:

1. Number of correct target identifications

2. Number of incorrect target identifications (misidenti-
fications)

3. Number of targets invented--non-targets named as targets

4. Number of targets omitted

5. Total time required for the completion of each slide

From these five basic scores the following indexs of performance were
computed:

IDENTIFICATION ACCURACY - (l)/(1 * 2 + 3)

IDENTIFICATION COMPLETENESS - (1)/(1 + 2 + 4)

DETECTION ACCURACY - (I + 2)/(l + 2 + 3)

DETECTION COMPLETENESS - (I * 2)/(1 # 2 + 4)

TOTAL TIME PER SLIDE

DATA COIlECTION

The experimental materials had to be presented using the binocular
viewer developed for the puoose of re-capturing the color information
encoded by the TOC system. _W Consequently, each subject was tested
separately.

A preliminary session was conducted in which the viewing apparatus
was adjusted to fit the individcXal characteristics of the subject--inter-

W Reference to the commercial firm and its product is in the interest of
precise reporting and does not signify indorsement by BESRL or the

Army.
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pupilary distance, focus, and differential settings of the two eye-pieces
to compensate for differences in visual acuity between the two eyes, for
example. A target list on which the name of the required targets were
listed was given the subject for study and reference use during the experi-
ment. This list included objects which did not appear on the imagery as
well as those that were imged. A copy of the instructions and the target
list appears in Appendix B.

The preliminary instructions included training the subject how to
report the location of the objects he detected. Location was done in a
rough manner. A slide was presented to the subject showing the visual
field divided into four quadrants. These quadrants were numbered starting
with 1 in the upper right quadrant and running counter-clockwise to 4 in

the lower right quadrant. The subject was told that in the experimental
slides neither the numbers nor the quadrant outlines would be present.
He was to imagine the location of each quadrant and revember the numbering
order. To make certain that the instructions were understood, several
practice slides were presented and the subject asked to identify speci-
fied objects by reporting in which quadrant they were located. The
examiner knew the true location and could readily determine whether the
subject had understood the instructions or whether he needed additional
instruction. When the subject had demonstrated that he understood the
task, the actual test imagery was presented.

The 18 slides were presented in the same sequence to all of the
experimental subjects. The mode of presentation varied from subject
group to subject group, but the scenes were always presented in the same
order. The steps followed by the examiner were:

9 Inserted a slids into the viewer and set controls for brightness,
intensity, and color in keeping with the chart settings prescribed
for that slide.

* Checked visually to make uertain that the slide was properly
oriented and properly illuminated.

a Instructed the subject to begin his interpretation; when he
began, started the timing device.

* The subject responded orally and the examiner recorded the number
of objects (if more than one was reported for a named object),
the identity of the object, and the quadrant location. The exam-
iner made these entries on the answer sheet kept for that subject.

When the subject had completed his information extraction for a
slide, he told the examiner that he bad nothing more to report.
At this time, the examiner stopped the timer and recorded the
total time required to interpret the slide.

The same procedure was repeated until all 18 slides had been interpreted.
The subject had brief rest periods between successive slides since the
examiner had to complete the set-up preparations for each new slide.

-5-



TARGET IDENTIFICATION ACCURACY

The column headings of Figure 2 are the independent variables. The
row headings show the five dependent measures of the experiment. Row one
shows that accuracy of target identification differed significantly among
the scene sets. Although the 18 slides were grouped into three sets of
six slides each to facilitate counterbalancing of the experimental tasks,
the difference is of some interest. The number of targets in the three
sets differed widely. Set A contained 57 targets, Set B about 68, and
Set C about 157. Mean accuracy of target identification for the three
scene sets was 64 percent for Set A, 79 percent for Set B, and 66 percent
for Set C. It appears that the targets contained in Set B were easier for
the average interpreter to identify than was the case for either Set A or
Set C.

TARGET IDENTIFICATION COMPLMTENESS

Row 2 of Figure 2 shows that the completeness of target identifica-
tion differed significantly among the scene sets. Since Set C had the
greatest number of targets, it might be expected that the completeness
of target identification would be lowest for this set of slides. The
results show that 42 percent of the targets in Set C were identified
correctly, while 61 percent of Set B targets and about 51 percent of Set A
targets were correctly identified. Here again, it appears that targets
in Set B may have been easier to identify, since a larger percentage of
the targets were correctly identified even though Set B contained more
targets than Set A. The fact that completeness of target identification
is lover for imagery containing a greater number of targets would be
expected if a limited amount of time were allotted for the interpretation
task. This was not the case in this experiment. The interpreter was to
take the time needed to complete extraction of information from each slide
and then notify the examiner that he was finished with the slide. Differ-
ences in the target numerosity among the three scene sets does not ade-
quately explain the result.

The same result had been obtained in a previous studyV/. In that
case, the experimental imagery was dichotomised on the basis of target
density per exposure. Equal numbers of exposures containing three or
fewer targets and four or more targets were used. Here, as in the present
study, target identification completeness wse significantly better for
exposures containing three or fewer targets than for exposures containing
four or more targets. This result was obtained even though the interpre-
ters did not use all of the time allowed for completion of the experimental
task. It might be hypothesized that the average interpreter reaches some
number of target identifications in a given scene and then judges that the
probability of there being additional targets present in that scene is so
low as not to warrant additional search. This explanation is extremely
tenuous and has not been substantiated by cross-validation experiments.

•/ Beechler, R. L., S. H. Winteratein, R. M. Kamper, and T. E. Jeffrey.
A study of rapid photo interpretation methods. Technical Research
Report 1153. U. S. ArrW behavioral Science Research Laboratory.
June 1969.
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TAzQET DETEC'TION ACCURACY

Sole reliance upon measures of target identification might fail to
demonstrate the advantage of recording ground scenes in chromatic color
rather than achromatic color. Identification of a target depends upon
specific signatures unique to that object in order for the interpreter to
make the correct identification. Recognition of the more subtle cues
might be accomplished with equal ease in either chromatic or achromatic
color imagery. To insure that the possible advantage inherent in chro-
matic color imagery was not overlooked, two measures of target detection
were analyzed. Target detection requires discrimination between the class
of objects spc-Lfied in the list of requirements and all other features in
the imagery. This discrimination depends upon relatively gross features
of the objects and does not require that the interpreter distinguish the
presence of target signatures necessary for target identification. In the
analysis of target detection accuracy, it was found that none of the in-
dependent variables produced a statistically significant difference in the
performance of the subjects.

TARGET DETECTION COM1FITEXESS

The completeness with which the interpreters made their target
detections differed significantly among the three scene sets. Target
detection was about 72 percent complete for targets in Set A, 67 percent
complete for targets in Set B, and 57 percent complete for targets in
Set C. Detection completeness was inversely related to the number of
targets present in each set of slides. It was expected that subjects
working for a limited period of time would tend to make nearly equal
numbers of responses and thereby nearly equivalent numbers of correct
detections. Under such a circumstance, the result obtained would be
expected. However, this was not the case in this experiment. As de-
scribed in the section for identification completeness, the interpreters
set the time needed for completing the task. In the previous section a
tentative bypothesis was advanced as a possible explanation for this
result.

QUESTIDNNAIRE RESPONSES

Although the results reported above were based on response data
obtained from 12 interpreters, the questionnaire results are given for
all 15 interpreters who took part in the experiment. The responses of
these men to each item are shown below. A copy of the instructions used
to administer the questionnaire along with a copy of the questionnaire
itself is presented in Appendix B.

Item 1. Yes ? No

Do you think that by exaggerating a single color or
combination of colors that you are able to detect 10 1greater detail than is possible when the scene is
viewed in black and white?

-9-



Two thirds of the interpreters felt that color adds a useful dimen-
sion to reconnaissance imagery. This conviction was not supported by the
accuracy and completeness of their target detections and identifications
discussed previously.

Item 2. Yea ? No

Does the exaggeration of a single color or a combina-
tion of colors make possible the detection of details 1 2 1
that would go unnoticed in a fixed color presentation
such as Ektachrome?

Eight tenths of the respondents felt that variable control over the
color presentation did not help them to pick out details that would be
unnoticed in normal color presentation.

Item 3

If your answer to Question 2 was YES, list the types
of detail for which you think detection would be
facilitated through the use of variable color.

Only one person answered Question 2 in the affirmative so that there
can be no general consensus of opinion for Item 3. This one interpreter
stated: "An exaggeration of Blue & White or Red & White make a sharper
contrast of shadow with also a greater color difference of surroundings.0

It is quite possible that interpreters avoided the MES response in
Item 2 because they felt unable to give specific exsaples required by
Question 3. They ma:, have had a generalized feeling that differential
control of color mixture and/or light intensity had some value in bring-
ing out detail but were unable to verbalise the feeling. The question-
naire seems to be faulty in this respect.

Item 4. Yes ? No

Do you like this type of binocular viewer? 7 0 8

The group was about evenly divided in their feelings for this device.
Reasons for disliking the viewer include the lack of stereo capability
and the fact that the viewer is difficult to use if one wears glasses.
This latter objection is not insurmountable since a rear projection
device that will display TOG imagery is in existence.

Item 5. Yes ? No

JCqs this variable color device make it possible to
obtain a faithful reproduction of the colors in the , 2 9
actiml scene?

The interpreters' knowledge concerning the scene colors had to cow
from viewing the Ektachrowm slide showing the scene. Therefore, the
actual Impact of the question is that the man is being asked to compare

- 10 -



the degree to which TOC imagery approximates normal color imagery. TheS~results indicate that six tenths of the interpreters judged that TOC
does not look the same as Ektachrome imagery.

Item 6. Yes ? No
Would you recommend that variable color capability h 2 9
be adopted for operational image interpretation?

The frequency distribution for Item 5 and Item 6 are identical. In
fact, a comparison of the responses to the two items shows that eight out
of nine of the NO responses were made by the same interpreters with three
out of four of the YES responses being made by the same men. The men
taking part in this experiment may have had too little exposure to the
TOC system to have an informed opinion. However, only about 25 percent
of them felt that this system holds promise for image interpretation.

Item 7.

List the advantages and disadvantages that you see in
using color film for reconnaissance purposes in general
and with the use of this technique for variable color
in particular.

The purpose of this item was to elicit acne thoughts from the inter-
preters concerning the strengths and weaknesses they perceived in the two
competing systems for color and for black-and-white as the common denomi-
nator. In distilling these coments, those which appeared to tap the
same thought have been placed under a single listing. Comments that
referred to the viewing device have been listed under Item 4 since they
are more appropriate to that item.

Advantages Disadvantages

1. Gives a scene a "natural" 1. High cost
appearance

2. Increases detection of 2. Relatively long processing
objects by enhancing shape time required

Color detail
3. Less monotonous to work with

h. Less eye strain in working
with color imagery

1. Provides some color 1. Has poor Image resolution
TOC

2. Preferable to black- 2. Poor cclor rendition
and-white

In summary, the interpreters appeared to feel that color is a useful
characteristic of imagery for image interpretation but more costly in

-1i1-



APPENDIX A SCORE MATRICES

Ground truth data are available for the targets present at thevarious target sites of the UNDERBRUSH Range. This source of informationcombined with actual verification that such targets were present in theselected set of 18 slides was used to establish the target content of theexperimental imagery. Verification of the documented lists of targetcontent was Judged necessary to make certain that poorly imaged targets
or targets concealed by vegetation were not included as targets thesubjects of this experiment were expected to report. In addition to theforegoing reason, some of the slider, used contained scenes for which noground truth w~e available. From these sources of basic information, thelist of targets contained in the imagery and the slide quadrants in which
they were located were determined. This procedure provided the scoringkey against which the responses of the experimental subjects were
compared.

The responses of each subject were checked against the scoring keyand the number of correct identifications, misidentifications, omissionapinventions, and time required for interpretation was determined for eachslide. After these results were checked, the four derived measures ofperformance were determined for each slide for every subject. For eachmeasure of performance, the total score over the six slides presentedunder the same mode of presentation-Ektachrose, black-and-white, orTotal Optical Color (TOC) -was determined for each subject. The fivetables that follow give these scores for the twelve subjects. Thesescore matrices show the simple sum of the ratio scores over the sixslides. Averages could have been computed but since this step would notaffect the significance test of differences, this step was omitted.



Table A-I

IDENTIFICATION ACCUJ-RACY 5CORE MATRIX

Scene Set and Presentation Color
Interpreter Group Scene Scene Szerne
Code Number Code Set Ek Set B?&J Set TOC SUN

1 I A 3.80 C 4 .36 B L.69 12.85
2 I A 3.68 C 3.42 B 4.L5 1.55
3 I A 3.33 C 3.12 B 14.06 10.51

I A 3.33 C 4.L8 B 4.74 13.05

sUm 12.64 15.38 17.9h 47.96

5 II c 4.37 B 5.57, A 3.65 13.59
6 II C 4.22 B '±.88 A h.50 13.60
7 II C 3.58 B 3.h4 A 2.65 y.67
8 II C 5.44 B 4.6h A 5.00 15.o8

SUM 17.61 18.53 15.80 51.94

9 11I 1 5.93 A 4.28 C 3.59 13.30

10 III B 4.90 A 2.99 C 2.•7 1C.86
11 III B 4.29 .A 3.92 C 3.59 11.80
12 III B 5.39 A L.52 C 4.39 L11.30SU1 20.51 15.71 1L.5h .0.76

COWI12 SUMS 52.76 49.62 48.28 150.66

SET SUNS A 46.1$ B 56.98 C 47.53

Ta0le A-2

ANALYSIS OF VARIANCE SUI2:2AY OF TARGET IDENTIF-I2AT ION ACCURACY SCORES

Sum of Mean
Source of Variation Squares df Scuare i"

Between: Groups .6964666 2 • 482 .332
(P w G) = el 9.4449667 9 1.0094

Within: Scene Sets 5.79155 2 2.c 57 L.692
Color Node .8812666 2 .L446 2.236
Latin Souare Residual .7952168 2 .3976 2.017
S x (P w G) = e 2  3.5476333 1i .19709

TOTAL 21.1571 35
1neans significantly different, P:5 .01.
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Tzble A-3

=-ENTIFICATIO C0I-UILETENESS SCORE MATRIX

Scene Set and Presentation Color
Interpretor Group Scene IScene IScene

Code Number Code Set Ek Set B&W Set TOC SUM

3.39 C 3.13 B 3.52 10.O4

2 I A 3.08 C 1.79 B 3.36 8.23
3 I A 3.20 C 2.58 B 4.1o 9.88
4 I A 2.G0 C 2.48 E 3.07 7.55

sUM• 1.67 9.98 14-05 !LIL.

5 II C 2.77 B 4.24 A 3.20 10.21
6 II C 3.10 B 4.l A 3.34 10.55
7 II C 1.92 B 2.55 A 2.30 6.77
8 TI 0 3.60 B 3.22 A 2.92 9.74

11.39 Th.12 11.76 17_7

9 11 B h.4bL A 3.46 C 2.26 10.16
1O III B 3.93 A 3.00 C 1.8h 8.77
1n III B 3.40 A 3.12 C 1.80 8.32
12 I1 B h.29 A 3.93 C 2.91 11.13
SU L6.06 13518.81 3_.3 8

COMLU2 SUMS 39.12 37.61 3h.62 111.35

SET SUYS A 36 .94j B 44.23 C 30.18

Table A-4

ANALYSIS OF VARIANCE SMb]AR: OF TARGET !DEi•TIFICATION COMPLETENESS SCORES

Sum of Lean F
ou~rce oS Variation Squares df Square

Between: Groups .3022055 2 .1511 .221
(P w G) - el 6.160825 9 .68498

W4ithin: Scene Sets 8.2290055 2 h.1ii450 29.995w
Color Mode .8741722 2 .4370861 3.186
Latin Square Residual .8468057 2 .4234028 3.087
S x (P w G) e2 2.L 6 915 18 .137175

TOTAL 18.8861639 35

Means significantly different, P !C .01.
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Table A-5

DETECTION ACCURACY SCORE MATRIX

Scene Set and Presentation Color

Interpreter Group Scene Scene Scene
Code Number Code Set Ek Set B&W Set TOC STM

I I A 4.93 C 5.98 B 4, 82 15.73
2 I A 5.17 C 4.71 B 4.63 14J51
3 I A 3.50 C 4.43 B 5.48 13.41
4 1 A 5.00 C 4.90 B 5.00 1J.90
SUN 18.60 20.02 :19.9 3 58L5

5 II C 5.00 B 5.80 A 5.20 16.00
6 II C h.98 B 5.88 A 5.67 16.53
7 II C 4.93 B 4.86 A 5.50 15.29
8 II C 5.89 B 4.76 A 5.00 15.65

SUa 20.80 21.30 21.3_7 63-47

9 III B 5.93 A 6.00 C 5.87 17.80
10 III B 5.93 A 5.10 C 5.66 16.69
11 11 B 4,32 A 5.35 C 4.84 14.51
12 III B 6.00 A 5.69 C 6.00 17.69
SUM 22.18 22.21. 22.37 66.69

COLUMIN SUNS 61.58 63.46 63.67 188.71

SET SUMS A 62.11 B 63.41 C 63.19

Table A-6

ANALYSIS OF VARIANCE SU?[01k OF TARGET DETECTION ACCURACY SCORES

Source of Variation Sum of U Mean FSquares Square

Between: Groups 2.8009555 2 1.40047775 3.565
(P w G) - el 3.5353417 9 .39281574 --

Within: Scene Sets .0806889 2 .04034 .137
Color Mode .2207389 2 .11037 .375
Latin Souare Residual .0705556 2 .03528 .120
S x (P w G) u e 2  5.2940833 18 .29412

TOTAL 12.0023639 35
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Table A-7

DETECTION COMPLETENESS SCORE MATRIX

Scene Set and Presentation Color
Interpreter Group Scene Scene Scene
Code Number Code Set Ec Set B&W Set TOC SUM

1 I A 4.90 C 4.39 B 3.66 12.95
2 I A 4.48 C 2.63 B 3.57 10.68
3 I A 3.35 C 3.76 B 4.97 12.08
4 I A 3.15 C 2.64 B 3.30 9.09

S C 15.88 13.4_2 1550 4.8o
5 I1 c 3.32 B 4.40 A 4.44 12.16
6 11 C 3.74 B 5.11 A 4.49 13.34
7 II C 2.39 B 3.37 A h.37 10.13
8 11 c 4.02 B 3.31 A 2.92 10.25

SUM 13.0_7 16.19 16.22 a5.88

9 III B h.44 A 5.14 C 3.96 13.54
10 III B U.43 A 4.95 C 4.05 13.43
11 I1 B 3.46 A 4.30 C 2.26 10.02
12 I11 B 4.51 A 5.08 C 4.13 13.72
SUM 16.84 19.47 .4o 71

COLUJMN SUNS 46.19 L9.08 46.12 141.39

SET SLS A 51.57 B 48 .53 C 41.29

Table A-8

ANALYSIS OF VARIANCE SUIRURY OF TARGET DETECTION COMPLETENESS SCORES

Source of Variation Suf df ean F
Squares Square

Between: Groups 1.650650 2 .8253 .882
(P w G) - el 8.425225 9 .9361

Within: Scene Sets L.6482666 2 2.3241 6. L2'*
Color Mode .4755166 2 .2378 .628
Latin Square Residual .2145168 2 .1073 .283
S x (P w G) e 2  6.8115 18 .3784

TOTAL 22.225675 35

l'.eans significantly different, P 1 .01.
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Table A-9

TOTAL T1hX (D SECONDS) SCOUE MATRIX

Scene Set and Presentation Color

Interpreter Group Scene Scene Scene
Code Number Code Set Ek Set B&W Set TOC sum

1 I A 615 C 1045 B 616 2276
2 I A 469 C 1114 b 656 2239
3 1 A 868 C 1212 B 768 2848
4 I A 339 C 563 B 330 1232

SUM 2291 3IM 2370

5 II C 737 3 685 A 467 1889
6 II C 518 B 500 A 273 1291
7 II C 493 B 500 A 390 1383
8 II C 659 13 365 A 370 1394

SUM, 2407 2050 1500 ýO

9 iII B 283 A 363 C 614 1260
10 III B 422 A 460 C 572 2454
11 II B 417 A 324 r 469 21210
12 III B 605 A 532 C 751 1888
SUN 1727 1679 2W506 1

COLUMN SUMS 6425 7663 6276 2036 4

SET SUMS A 5470 B 6147 C 8747

Table A-3O

ANALYSIS OF VARLkNCE SU1q*%JY OF TOTAL TDTZ SCORES (SECONDS)

Sum of Mean
Source of Variation Squares df Square F

Between: Groups 409,032.16 2 204,516.08 2.971
(P w G) - el 619,569.17 9 68,841.02

Within: Scene Sets 498,807.16 2 249,403.58 37.324**
Color Mode 96,628.16 2 48,31 4.08 7.230
Latin Square 20,919.52 2 10,459.76 1.565
Residual
S x (P w G) - e 2 120,277.83 18 6,682.10

TOTAL 1,765,234.O0 35

* Means significantly different, PS .01.
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L'jS'R;crIONs TO SUI3JECTS

rim TASTK YO! Ai.t: TO PERFOR. INVOLVES IDENTWfYrJG VARIOU5 TACTICAL WJECT3
A..D/)0 ACT IV ]ITS ThiA'T ARE nB-LuGmD ON A SET OF PHOTOCIAPiiIC SLIDES THAT YOU WILL
5":. >[O.•i.

FLtST, .E .,ILL AiDJUST THE LsIsO0CJIAR VI•WEfR TO ADAPT IT TO YOUR PERSON4AL
2il•i-C.ERISTIGS. Set interoptic dIst.;nce to 6hmm, brightness and white controls
to maximum value, and the red, blue, and green controls to zero. Irsert the
first ,;lide and verify that it is properly oriented.

LWOK rrrTO 'TIW vir.E.H. YOU WILL SEE FOUR N.IfiERS ON: A GRflJDED FII). 'CUW'J
f.:ii r..'Ou1 kpoint to focus control) UI:TIL YOU GET TIT SHiARPEST IrGE ?WTJLE TO
YO :..•r ,,.YE,. aO,;, Cuat TiLTS iCU.ZLED •IflG ON THE LEFT iAND OPTIC UNTIL YOU
O. TiC• ,,,.,ST tOCUS POSSfBLE TO YO,!i LEPF EYE. IF T'iL, T'1 fl4'" DO 4OT
:J," La',',, .I:ULfLE IJAGE, ADJ ST TiXt- TrEtOPTIC DISTANCE LsY ,,OVNG TIIE EYEPIECFE
±0' ,i . O-t r.AitT ,,TIL A SQIiG L'\GE Ij OBCAL'JED.

'O'IC ¶2k l 'JL'. ;UAL FELD ID DIVIDED INTO FOUR SECTIO0Js NibdEftED ONE
. ,•OId, :Z IE; A Co;1JrRRC/W.CLi¢;E DýfltCTION STARTf-lG I,: THE UPPEA .RIGHT COPfiNEh.

'rI:,C TF LkTITR .JLDES, YOU ARE•. TO I:-'TALLY DIV _•E THE Vl.*IN4G AhEA IN ','Hg
,,? WAY. ISLE PutL 81jiEf., QYJTEia. Vl IKDING AEFE&RENCE TO AN ARFA OF ThE ..LIE.

DO YO:' U~jiK..cT.dij T.-;'r AR-E, A IDESIGNATIU1. SYSTEI,N. I HAVE JUST DEQRIIJ3ED? Answer any
oiestions and then insert the slide of the color charts, set the controls as
recuirrd and verify slide orientation.

T 'Ii .;LfiD'.' h10.iL A VARL5TY Or' iki3OLdTIOW CiAxC'S AND COLOR Ci-ALTS. TELL i-Z
AE 1';.. _.......:,:. OF Tim rJdEA L. 1i iHE FOLWNL.4G OzJECTS APPEnn: 'iLE A-dE GREEN

SOLDit PtTCH? (area 1), TiE STATION ..AGN? (area 2), TILE BRO4N PATCIhES? (area 3),
Review coding- system if necessaIry. TIE NEXT SLIDE IS I3IACK-;ALD-,JiITE. IN ,dICH
nitLA DOES :f uiitGB CAkt&Y GIN A CnANE APPEAR? (area 2). THIS COI4PLETES TIE
A:tELL.TB.cY L.-TLJCTIOWSJ.

G.: Tilt iST YOU !i.; TO rEPORT ONLY THOSE TARGETS THAT AIR ziiOWN ON TI~i
Lo7G?.T LUJT. Present the target list to the subjects and give them as much time
as needed to become familiar with it. YOU ARE ro MDENTIFY AND LOCATE uiY AhA
,,f..t 4i fit? 'hRBTz, YOJ DETEC2. AND IDENTIFY ON THE FOLLW':.flG ASSORTNENT Of CO"I

,,'.D ±iACa-,tD-,2hi~f±'. .4LIDES.

A TD-Y.t '.:ILL ., ACCIVATED AS EAC:i NEW SLIDE IS PRESEI.TED. '..E .ILL AE
EC;U;WL0o YOURA :&F,'PO*.'S ; CE i .E nECUmhED TO .AKE THE,%* THIIR.OJG.IOUT THE TEST.

TPI" ';LICnV'G NOISE YOU .,ILL i!Ait IS THE COWTER AE k USING TO DETEf-liINE 'LIZ.

I 'ILL LUL.tC .Cii 5 L.DE, ADJUST vIE COIThOL, RESET THE T13:E AND TIHEN GIVE
YOU �..>�. L TO eAfl.SAXC!: m3:G FOR AND REPOWTflMG TARC.TS. USE ¶21fl. PoLW•'lIG
OnDEit I:: IVtI,:G YO;J EEPOAZTI: FIR3T, STATE TILE 14'JILER OF TARGETS; 1EGOND, TIM
-PClrIC I Y1'F OF TAi1AET; LAST, TILE NLT.jE., OF THE ARE A J 0LijCti THE Tkr/GET IS
Lw,,7x . A,: EX, Or' ,,J!0; AL RESPONSE LIGHT JE: "T'IEE, 3/l-TON PRUCKS L;

T.... YoI 0 O1L0 YOJIb SAitCH OF EACh sLIE, TfI, IE THAT YOU HAVE NOTnIDIG
1&.0- TO .iOftT. IzS .,ILL ENAdLE i-Y, TO 0KNO J1EN TO WAD YQU- COIHLETION TI1,E
FUR/ ThAT :;LTDT.

ARE "'l1 W.f AiNY . lfES'rIONS?
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QUESTIONIiOAN TE INSTRUCTIMS

II THE SET OF SLIDES THAT YOU HAVE JUST COMPIFTED, COLORED SCENES
"SHE iRODUCED BY 7,40 DIFFERENT .1THODS. IN ONE CASE A CONVENTIONAL COLOR
TRhASPAREINCY WAS USED--FOR THIS EXPF~qfl'NT EKTACHROI- COLOR TRANSPARENCIES
",WvERE USED. THE SECOND 1•THOD USED BIACK-AID-WHITE TRANSPARENCIES ON WHICH
COLOR INTFORINATION HAD BEEN CODED MHEN THE FILU: WAS EXPOSED. THE BiNOCULAR
VIEWEFR .-AKES IT POSSIdLE TO REPRODUCE THE COLORED SCENE FROM, THE BLACK-AND-
'.i-HITE TMANSAR.ENCY. T"HE FOLUAI)JG CODE ,.iILL JE USED TO REFER TO THE THREE
TYPES CF DISPLAY:

COLOR - REFERS TO ThE NOQRAL THIEE-COLOR PROCESS
- REFERS TO SLIDES DISPLAYED IN BLACK-AND-WHITE

TOG - REFERS TO COLOR PRODUCED FROM BLACK-AND-..ITE

IN THE PRECFDDIG PORTION OF THME EXPERIfENT ALL CONTROLS WERE IR .NIPU-
LATED BY THT EXPER -. NTER. ri THIS ?ART OF THE EXPERI•NT, YOU WILL AD-
JUST THE Ca'TROLS. BEFORE YOU START TO VIEW THE SLIDES, L03K AT THE SET
OF CUESTI•S W. ;;AT�' YOU TO ANSWER AFTER YOU COI1PLETE THE REVIEW OF THE

SLIDES. KEEP THESE QUESTIONS IN I.lID AS YOU ARE 'OOKIINvG AT THE SLIDES.

BEFORE INSERTING A BLACK-AND-.v'qITE SLIDE, SET THE BLUE, RED AND GREEN
CONTROLS TO ZERO. SET BRIGHTNESS AND I.HITE TO 8&. STUDY THE SLIDE FOR A
.;HnE IN THIS j&W LODE. THEN BEGIN TO CHANGE THE COLOR 1Y NANIPUIATf G
THE COLOR CONTROLS.

TRY TO DISREGARD THE FACT THAT THE SCENE IS AESTHETICALLY MORE
"PlSASANT'" TO LOOK AT IN COLOR AND TRY TO CONCENTRATE ON DECIDING IF TOC
OFFERS ADVANTAGES AS FAR AS INTELLIGENCE INFO.l:ATIx AND INTERPRETABILITY
ARE CONCERNED.

CHANGE TO THE NEXT SLIDE ,HICH SHOIS THE SAME SCENE IN COLOR. SET
THE] RED, 1 JUE, AND GREEN CONTROLS TO ZERO AND BRIGHT:IESS AlD77E TO 3
AS INSTRUCTED PREVIOUSLY. 3TJDY THIS DISPLAY ANT) CO12ARE IT NENTALLY

I'Th THE TOC DISPLAY YOU VIEW,.D OF THIS SAME SCENE.

FOLi0'; TiHE SAK PROCEDURE AS THAT OUTLINED 14 THE PREVIOUS TdO STEPS
FOR THE NEX'T PA]i OF SLIDES. ""HEN YOU HAVE COMPYLETED THE NEXT PAIR OF
SLIDES, Ad;sW-•i THE 2.JESTIOJS Gr;EA INý THE QUESTIOCXAIRE. 1RITE DIRECTLY
ON 7L CIFESTIONUAIRE. TiERS IS 1;0 TI1- L111T.
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PW2FE.'4CE QUEST ION.'A t ME

The purpose of this questionnaire is to obtain information concern-
ing your Lmpressions about the usefulness of the viewing device employed
in this experiment.

Answer the questions by circling the letter or symbol that represents
your response--Y for YES, ? for UNDECIDED, and N for NO. For the open-
ended items, write your response in the space provided. If additional
space is needed use blank sheets. Number items for which response applies.

1. Do you think that by exaggerating a single color or
combination of colors that you are able to detect
greater detail than is possible when the scene is
viewed in black and white? . . . . . Y

2. Does the exaggeration of a single color or a combina-
tion of colors make possible the detection of details
that would go unnoticed in a fixed color presentation
such as ektachrome? . . . . . . . Y N

3. If your answer to Question 2 was YES, list the types
of detail for which you think detection would be
facilitated through the use of variable color.

4. Do you like this type of binocular viewer? . . . Y ? N

5. Does this variable color device make it possible to
obtain a faithful reproduction of the colors in the
actual scene? . . . . . . . . . Y ? N

6. Would you recommend that variable color capability
be adopted for operational image interpretation? . Y N

7. List the advantages and disadvantages that you see
in using color film for reconnaissance purposes in
general and with the use of this technique for
variable color in particular.
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